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Abstract 
Amorphous GeS6 bulk glass and film were prepared by the traditional melt quenching method and pulsed laser 
deposition technique. The optical transmission spectra, absorption spectra and Raman spectra were measured. The short-
wave absorption edges were described using the non direct transition  model proposed by Tauc. And the optical band 
gaps of the bulk glass and film were derived from the absorption spectra. The results show that GeS6 film has bigger 
optical band gap than that of bulk glass. The structural units of the bulk glass and film were characterized using Raman 
spectroscopy. In addition to the basic structural units of edge-sharing and corner-sharing GeS4/2 tetrahedra, there are S S 
homo polar bonds in both GeS6 bulk glass and GeS6 film. While more S8 rings exist in GeS6 bulk glass. The bigger 
optical band gap of the GeS6 film was discussed in relation to the structure of the film confirmed by the Raman spectra 
analysis. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Chalcogenide glasses have the significant properties such as the good stability, the wide glassy ranges and 
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the large optical transmission range extending in the mid-infrared. Recently, Ge S binary glass has been 
intensively studied for the potential applications in optics, optoelectronics and electrochemistry [1-6]. Great 
efforts were paid to the structural properties of Ge S bulk glasses by using Raman scattering spectra [3, 7], 
neutron diffraction [2, 8] or positron annihilation technique [4]. And photoinduced and thermally induced 
phenomena in chalcogenide films have been particularly studied for many potential applications [9, 10]. 
Thermally evaporated amorphous GexS1-x (0.2 x 0.45) films were investigated for remarkable bleaching 
phenomena [11]. But the structural and optical properties of pulsed laser deposited S-rich Ge-S glass films 
have seldom been studied. 
Pulsed laser deposition (PLD) technique has several advantages for thin film preparation, such as the 
stoichiometric transfer from the original target material to a given substrate, the easy set-up, short process 
time [12-14]. The main disadvantages of PLD method are the difficulty in preparing large area films of 
homogeneous thickness and the presence of particulate in the films [12]. In recent years, many amorphous 
chalcogenide films prepared by PLD were investigated [15-17]. The microscopic structure has substantial 
influence upon the optical properties of Ge S films. Ge S films prepared with high energy density of the laser 
beam are away from the equilibrium state, which is interesting to be investigated. 
In this paper, S rich GeS6 bulk glass and film were prepared by the traditional melt-quenching method 
and pulsed laser deposition technique. The optical band gap was derived from the absorption spectra. The 
structure and optical band gap of GeS6 film were compared with that of bulk glass. 
2. Experimental 
      The target used for PLD was bulk glass with stoichiometry GeS6, which was prepared by the traditional 
melt quenching method [4]. The glass rod was finally cut into 3mm-thick-targets for the depositing. 
GeS6 glass film was prepared from the target by the PLD technique using a KrF excimer laser operated at 
the wavelength of 248 nm. The film was deposited onto chemically cleaned microscope glass slide. The target 
was ablated in a vacuum chamber at a background pressure of 2×10-4 Pa with the laser energy 200 mJ/pulse. 
The incident laser beam was focused to the average flux of about 5 J/cm2. The distance from the target to the 
substrate is about 8 cm in an off/axis approach geometry [18, 19]. The film was deposited at room 
temperature. The pulse repetition rate was set at 4 Hz and the incidence angle was 45 °. As-deposited film 
was annealed in-situ near the glass transition temperature for 1 h in the PLD vacuum chamber at pressure of 2
10-4 Pa. 
The homogeneity of the bulk and film was confirmed by an electron probe X ray microanalyzer (EPMA) 
(JEOL, JCXA 733). X ray fluorescence spectrophotometer (Shimadzu, XRF 1800) was used for the 
determination of composition. 
The transmission spectra and absorption spectra of the bulk glass and film were measured using the 
spectrophotometer (Shimadzu, UV 1601). The Raman spectra were measured at the room temperature by 
using a Raman spectrometer (Renishaw, RM 1000) in back (180°) scattering configuration. Laser irradiation 
at the wavelength of 514.5 nm was used for the excitation. The laser power was properly under an 
approximate level of 2.0 mW to avoid the laser damage on the samples. The resolution of the Raman spectra 
was about 1 cm-1. 
3. Results and discussion 
The EPMA and XRF measurements show that the chemical compositions of the GeS6 bulk glass and film 
are homogenous and close to that of the nominal compositions within the range of 1 at. %. The amorphous 
character of the samples was confirmed by the corresponding XRD patterns. 
Fig.1 shows the optical transmission spectra of the GeS6 bulk glass and film. The absorption edge of the 
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film shifts towards the shorter wavelength compared with bulk glass. In the strong absorption region of the 
absorption spectra (the absorption coefficient 104 cm-1), -  model 
proposed by Tauc [22], the absorption coefficient is given by the following quadratic equation  






                                                           (1) 
Where B is a constant, hv  is the photon energy and Egopt is the Tauc optical band gap. The values of Egopt can 
be derived from =0 intersects of ( )1/2 vs.  plots (see Fig.2). Egopt of the bulk glass and film are about 
2.54 and 2.81 eV, respectively. The well fitted curves indicate that  model should be 
the mechanism responsible for the optical absorption in this spectral region of the GeS6 bulk glass and film. 
       
Fig.1. Optical transmission spectra of the GeS6 film and bulk glass     Fig.2. The determination of the optical gaps in terms of Tauc s law  
as linear extrapolation of the strong absorption area 
Fig.3 shows the Raman spectra of the GeS6 bulk glass and film at room temperature. S8 rings have been 
formed clearly in GeS6 bulk glass verified by the emergence of vibration bands located at 220 and 150 cm-1. It 
is well accordant to the previous results [23]. But the Raman peaks near 220 and 150 cm-1 related to S8 rings 
are very weak in the GeS6 film. During the depositing by the high energy density of the laser beam, S8 rings 
may be broken.  
 
Fig.3. Raman spectra of the GeS6 film and bulk glass 
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At least four bands can be clearly observed in both bulk glass and film near 340, 370, 430 and 470 cm-1, 
respectively. They can be assigned to A1 symmetric stretch vibrations of S atoms in GeS4/2 units of corner
sharing tetrahedra, Ac1 companion vibrations in GeS4/2 units of edge-sharing tetrahedra, stretch vibrations of 
cluster edge S S dimers or chains, and symmetric stretch vibrations in S8 rings, respectively [3, 7]. While Z. 
Cernosek proposed the cycloocta-surphur to 470 cm-1 band and the S8 rings to 220 cm-1 band [23]. So we can 
assign S-S homopolar bonds to the bands near 150, 220 and 470 cm-1.  
The Raman spectrum of GeS6 film deposited by PLD has two changes compared to that of bulk glass. 
Firstly, narrow sharp bands at about 150 and 220 cm-1 were observed in rich S bulk glasses [4, 7]. But the 
resolutions of the two bands above are obscure in the pulsed laser deposited film. Secondly, band near 470 
cm-1 becomes stronger in GeS6 bulk glass than that of GeS6 film. These changes indicate excessive S8 rings 
(accordingly S S homopolar bonds) exist in GeS6 bulk glass. 
G. Lucovsky et al. had given structural interpretations of S rich (x 1/3) GexS1-x glass, namely, S8 rings 
cluster situated like islands in the glassy matrix of GeS4/2 tetrahedra which are linked by S chains [1]. Raman 
spectra in Fig.3 confirm the structural interpretations above. The band with strongest intensity near 340 cm-1 
indicates anticipated highest level of edge sharing GeS4/2 tetrahedra. Both bulk glass and film consist of 
corner sharing GeS4/2 tetrahedra according to the band near 370 cm-1. In S rich GeS6 film, there are S S 
homopolar bonds, but not Ge Ge ones. Ge Ge bonds exist in stoichiometric GeS2 film. H. Takebe 
characterized the structure of Ge S binary glasses in the compositional range 57 90 at. % S and suggested 
that S S bonds are present in the S rich glasses while Ge Ge bonds exist in GeS2 glass [23]. The Raman 
spectra of GeS6 film and bulk glass support the above suggestion. 
As shown in Fig.2, bigger Egopt of GeS6 film than that of bulk glass, which can be attributed to less S S 
homo-polar bands (especially S8 rings) in GeS6 film. K. Tanaka suggested that the S-atom pairs in the edge
sharing GeS4/2 tetrahedra or in the S dimers formed the band tail states above the valence band in GeS2 glass 
[9]. Raman spectra in Fig.3 indicate that there are more S dimers or S8 rings in GeS6 bulk glass than that of 
GeS6 film. So the optical band gap of GeS6 bulk glass is lower than that of GeS6 film.  
5. Conclusions 
The structural units of amorphous GeS6 bulk glass and film are glassy matrix of GeS4/2 tetrahedra which 
are linked by S chains. There are S S bonds in GeS6 bulk glass and film. More S8 rings exist in GeS6 bulk 
glass. The bigger Egopt of the GeS6 film was attributed to less S S homo polar bonds than that of bulk glass.  
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